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One of t h e  major process  s t e p s  i n  t h e  conversion 
of t h e  r e s i d u a l  char  o r  a s h  from t h e  product  l i q u i d .  I n t e r n a l  s t u d i e s  by Dravo have 
shown t h e  c o s t  of such s e p a r a t i o n s  t o  vary  from 5 t o  20% of t h e  t o t a l  prod C t  oil 
c o s t .  Est imates  of c o s t  of c o a l  der ived  o i l  range from $15 t o  $25 p e r  bbly7)  and 
upward providing a high i n c e n t i v e  t o  recover  a maximum of t h e  o i l  a s s o c i a t e d  wi th  
s o l i d s .  
by weight i f  t h e  o i l  is t o  be  used a s  f u e l  s o  t h a t  t h e  u s e r s  can burn it wi thout  
i n s t a l l i n g  p r e c i p i t a t o r s  on t h e i r  f l u e  gas  s t a c k s .  A l so ,  i f  t h e  o i l s  are t o  be hy- 
d r o t r e a t e d ,  s o l i d s  l e v e l s  less than  0 .1  percent  are r e q u i r e d  s i n c e  f i n e s  from cata-  
l y s t  a t t r i t i o n  would combine wi th  r e s i d u a l  s o l i d s  and cause t h e  f i n a l  product  t o  
exceed t h i s  r e s i d u a l  s o l i d s  apec i f  i c a t o n ( 1 ) .  Because of t h i s  s e p a r a t i o n  s p e c i f i c a -  
t i o n ,  t h e  severe  opera t ing  c o n d i t i o n s ,  and t h e  propens i ty  f o r  p lugging ,  coking,  etc., 
t h e  number of r e l i a b l e  process  schemes is r a t h e r  l imi ted .  

Dravo s e l e c t e d  a t y p i c a l  l i q u e f a c t i o n  process ,  g e n e r a l l y  similar t o  S y n t h o i l ,  and 
examined a number of  s o l i d s  removal systems i n  a n  a t tempt  t o  f i n d  a r e l i a b l e ,  c o s t  
e f f e c t i v e  scheme. 

I n  the  s e l e c t e d  l i q u e f a c t i o n  process ,  p a r t  of  t h e  l i q u i d  product  is recyc led  and 
used t o  s l u r r y  t h e  c o a l  f e e d  t o  t h e  l i q u e f a c t i o n  r e a c t o r .  This  f e e d  s l u r r y  can 
u t i l i z e  a recyc le  s t ream which has  been t r e a t e d  t o  reduce i t s  s o l i d s  conten t  from 12 
t o  6 weight percent .  This i s  accomplished i n  a bank of hydroclones.  The hydroclone 
feed ,  a t  400 p s i g  and 560"F, i s  s p l i t  i n t o  two streams - t h e  overheads,  which is re- 
cyc led  t o  t h e  feed p r e p a r a t i o n  system, and t h e  bot toms,  which e x i t s  a t  15 weight per- 
c e n t  s o l i d s  and 240 p s i g .  This  s t ream must now be  t r e a t e d  f u r t h e r .  

Severa l  methods of secondary s e p a r a t i o n  w e r e  i n v e s t i g a t e d .  T e s t s  on hydroclones and 
c e n t r i f u g e s  have n o t  demonstrated t h e  r e q u i r e d  s o l i d s  removal e f f i c i e n c i e s .  Precoa t  
f i l t r a t i o n ,  on t h e  o t h e r  hand, has  been s u c c e s s f u l l y  t e s t e d ( 2 ) .  
t a i n e d  when f i l t e r i n g  t h e  o i l s  produced i n  t h i s  s e l e c t e d  process ,  when compared t o  
SRC and COED f i l t r a t i o n  r a t e  d a t a ,  i n c r e a s e s  t h e  a t t r a c t i v e n e s s  of f i l t r a t i o n .  This  
high r a t e  i s  due i n  p a r t  t o  t h e  comparat ively l a r g e  amount o f  hydrogen consumed i n  
t h e  l i q u e f a c t i o n  r e a c t o r ,  r e s u l t i n g  i n  a lower v i s c o s i t y  of t h e  product  o i l .  A pre- 
l iminary  screening  i n d i c a t e d  t h a t  f i l t r a t i o n  a t  t h e s e  h igher  rates is comparable t o  
o t h e r  s e p a r a t i o n  methods on a c a p i t a l  c o s t  b a s i s ( 1 ) .  For t h e s e  reasons ,  i t  w a s  de- 
c ided t o  inc lude  p r e s s u r e  precoa t  f i l t r a t i o n  i n  t h e  economic t r a d e o f f  a n a l y s i s .  

Secondary s e p a r a t i o n  can a l s o  b e  c a r r i e d  o u t  by feeding  t h e  hydroclone bottoms t o  
t h e  base  of t h e  product  f r a c t j o n a t o r .  Proper  b a f f l i n g  should produce a s u f f i c i e n t -  
l y  to r tuous  path t o  a l low most of t h e  s o l i d s  t o  remain i n  t h e  bottoms. This  i s  not  
u n l i k e  t h e  o i l  absorp t ion  
s o l i d s  carryover  was removed i n  t h e  f i r s t  c o n t a c t  s t a g e  (bot toms) ,  whi le  t h e  remain- 
i n g ,  l i g h t e r  f r a c t i o n s  w e r e  recovered r e l a t i v e l y  s o l i d s - f r e e ( 3 ) .  

A s  mentioned e a r l i e r ,  economics d i c t a t e  t h a t  e s s e n t i a l l y  a l l  t h e  o i l  be  recovered 
from t h e  sliidge produced i n  t h e  secondary s e p a r a t i o n  s t e p .  The o i l  contained i n  t h e  
s ludge  amounts t o  about 20% of t h e  product ion  r a t e .  Some o i l  d i f f u s e s  i n t o  t h e  ex- 
t r a c t i o n  s o l i d  (char)  pores  and remains t h e r e  through c a p i l l a r y  a c t i o n .  Solvent ex- 
t r a c t i o n  o r  hea t  t rea tment  i s  r e q u i r e d  t o  recover  t h i s  o i l ( 4 ) .  
is c u r r e n t l y  i n  t h e  development s t a g e  and r e q u i r e s  a n  e x t r a  s e p a r a t i o n  s t e p ( 5 ) .  Low 
p r e s s u r e  f l u i d  bed d r y e r s  similar t o t h o s e u s e d  i n  P r o j e c t  Gasol ine were chosen a s  a 
v i a h l e  m c t h ~ d  of e f f e c t i n g  complete s e p a r a t i o n .  O i l  l o s s  by coking is es t imated  a t  
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of c o a l  t o  o i l  i s  t h e  s e p a r a t i o n  

Furthermore, t h e  s o l i d s  conten t  o f  t h e  product  o i l  must n o t  exceed .I% 

The h igh  r a t e s  ob- 

tests run  on COED o i l s ,  i n  which t h e  m a j o r i t y  of  t h e  

Solvent  e x t r a c t i o n  



a 

4 percent  of che o i l  f e d  t o  t h e  d r y e r .  
veyed t o  a g a s i f i e r  and used as hydrogen product ion  feeds tock .  

The recovered c h a r  i s  pneumatical ly  con- 

Three a l t e r n a t e  s e p a r a t i o n  systems w e r e  decided on a s  a r e s u l t  of t h i s  i n i t i a l  
sc reening .  Case 1 (Figure 1) employs a hydroclone-rotary p r e s s u r e  precoa t  f i l t e r -  
f l u i d  bed dryer  s o l i d s  s e p a r a t i o n  sequence. The f i l t e r  feed  is a t  200 p s i g  and 
500°F. I n  Case 2 (F igure  2), t h e  f i l t e r i n g  s t e p  is e l i m i n a t e d ,  i n c r e a s i n g  t h e  cap- 
a c i t y  05  t h e  f l u i d  bed dryer  equipment. I n  Case 3 (F igure  3 ) ,  t h e  hydroclone under- 
f low is fed d i r e c t l y  t o  t h e  b a s e  of t h e  f r a c t i o n a t o r ,  which is b a f f l e d  f o r  t h e  
removal o f  t h e  s o l i d s  w i t h  t h e  bottoms. The f i n a l  l i q u i d - s o l i d s  s e p a r a t i o n ,  as pre- 
v i o u s l y  s t a t e d ,  i s  c a r r i e d  o u t  i n  t h e  f l u i d  bed d r y e r  s e c t i o n .  To keep t h e  c o s t  
comparison on a c o n s i s t e n t  b a s e ,  f r a c t i o n a t i o n  charges  were included f o r  a l l  t h r e e  
c a s e s .  

S o l i d s  s e p a r a t i o n  c o s t s  f o r  th i s  50,000 Bhl/day f a c i l i t y  w e r e  c a l c u l a t e d  by t h e  D i s -  
counted Cash Flow method, u s i n g  t h e  fo l lowing  b a s i s :  20-year p r o j e c t  l i f e ,  16-year 
sum-of-the-years-digits d e p r e c i a t i o n  on t o t a l  P l a n t  Investment ,  100 p e r c e n t  equi ty  
c a p i t a l ,  1 2  percent  DCF r e t u r n  r a t e ,  and 48 percent  f e d e r a l  income t a x  r a t e ( 6 ) .  

In a d d i t i o n ,  t h e  fo l lowing  u n i t  c o s t s  w e r e  employed i n  determining t h e  annual  oper- 
a t i n g  c a s t s :  

Low P r e s s u r e  Steam 
Medium P r e s s u r e  Steam 
Process  Water 
Cooling Water 
E l e c t r i c  Power 
Fuel G a s  
Operat ing Labor 
Maintenance Charges 

The fo l lowing  r e s u l t s  were obta ined  : 

I n s t a l l e d  Cost, $M 

Hydroclone Area 
Drum F i l t e r  Area 
F lu id  Bed Dryer Area 
O i l  Absorption Area 
Frac t iona t ion  Area 

T o t a l  I n s t a l l e d  Cost, $M 
Annual Operat ing Cost $M/yr 
T o t a l  Separa t ion  Charges, $/BBL 

$2.30/MM Btu 
$2.50/MM Btu 
$ .40/M G a l  
$ .03/M G a l  
$ .025/KW/HR 
$3.50/MM Btu 
$15,00O/man/year 
3% of t o t a l  i n s t a l l e d  c o s t  f o r  o i l  

6% of t o t a l  i n s t a l l e d  c o s t  f o r  hydro- 
a b s o r p t i o n  and f r a c t i o n a t i o n  a r e a s  

c l o n e ,  f l u i d  bed dryer ,  and drum 
f i l t e r  a r e a s  

CASE I CASE 2 CASE 3 

16021 16021 16021 
25039 --- --- 
13002 39332 15665 

2321 5635 2702 
12908 12908 13153 

69291 73896 47541 
25100 43566 21718 

2.66 3.83 2.14 

The r e s u l t s  show Case 3 t o  be t h e  least c o s t l y  s e p a r a t i o n s  method. T h i s  seems 
reasonable  s i n c e  two o p e r a t i o n s ,  secondary s o l i d s  s e p a r a t i o h  and f r a c t i o n a t i o n ,  
a r e  combined. 
a h igher  f i l t r a t i o n  rate could  be obta ined .  
than  e i t h e r  of  t h e  o t h e r  a l t e r n a t e s .  niis i s  mainly due t o  t h e  h igher  c a p i t a l  c o s t s  
r e q u i r e d  i n  the  Fluid Bed Dryer area and t h e  accompanying l a r g e  i n c r e a s e  i n  f u e l  gas 
usage. 

Case 1 i s  somewhat more expensive,  and would be  more compet i t ive  i f  
Case 2 ,  however, i s  much more c o s t l y  

In summary, t h e  most economical  of t h e  l i q u i d - s o l i d s  s e p a r a t i o n s  methods analyzed 
appears  t o  be  Case 3 ,  t h e  combined secondary s e p a r a t i o n - f r a c t i o n a t i o n  a l t e r n a t e .  
P i l o t  tes ts  would be recommended p r i o r  t o  inc luding  t h i s  system as p a r t  of a com- 
m e r c i a l  f a c i l i t y .  
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OPERATING COST SUMMARY CASE I 

CATALYSTS AND CHEMICALS - F i l t e r  A i d  
UTILITIES - S t e a m  

Process Water 
C o o l i n g  Water 
E l e c t r i c  P o w e r  
Fue l  G a s  

Maintenance 
S u p e r v i s i o n  

ADMINISTRATION AND GENERAL OVERHEAD 
SUPPLIES - O p e r a t i n g  

Maintenance 
LOCAL TAXES AND INSURANCE 
TOTAL GROSS OPERATING COSTS 
TOTAL NET OPERATING COSTS 

LABOR O p e r a t i n g  

OPERATING COST SUMMARY CASE I1 

U T I L I T I E S  - S t e a m  
Process  Water 
C o o l i n g  Water 
E l e c t r i c  P o w e r  
Fue l  G a s  

Maintenance 
S u p e r v i s o r y  

LABOR O p e r a t i n g  

ADMINISTRATION AND GENERAL OVERHEAD 
SUPPLIES - O p e r a t i n g  

Maintenance 
LOCAL TAXES AND INSURANCE 
TOTAL GROSS OPERATING COSTS 
TOTAL NET OPERATING COSTS 

OPERATING COST SUMMARY CASE I11 

U T I L I T I E S  - S t e a m  
P r o c e s s  Water 
C o o l i n g  Water 
E l e c t r i c  P o w e r  
Fue l  G a s  

LABOR O p e r a t i n g  
Maintenance 
S u p e r v i s i o n  

ADMINISTRATION- AND GENERAL OVERHEAD 
SUPPLIES O p e r a t i n g  

Maintenance 
LOCAL TAXES AND INSURANCE 
TOTAL GROSS OPERATING COSTS 
TOTAL NET OPERATING COSTS 

5 3  

SM/YR 
676 

2 , 1 5 4  
2 1 1  
317 

1 , 4 9 3  
11 ,304 

600 

564 
2 , 0 3 0  

1 8 0  
1 , 4 8 0  
1 , 8 7 1  

25,100 
25 ,100 

2,220 

SM/YR 

1,649 
359 
5 40 

2 ,818 
29,389 

360 
2,326 

537 
1 , 9 3 4  

108 
1 .551 
1 : 9 9 5  

43,566 
43,566 

SM/YR 
1,649 

199 
299 
955 

12 ,844 
360 

1 , 4 2 6  
357 

1 , 2 8 6  
10 8 
9 5 1  

1 , 2 8 4  
21 ,718 
21,718 



FIG.l PRESSURE FILTRATION CASE I 
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FIG.2 FLUID BED DRYER CASE IT 
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FIG.3 FRACTIONATION CASE m 
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